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1 ' , . ■ . - ■ TITLE 

2 PLASMA DISPLAY PANEL AND MANUFACTURING 

3 IVtETHOD THEREOF 

5 CLAIM OF PRIORITY 

6 [0001] This application makes reference to, incorporates the same herein, and claims all benefits 

7 , accruing under 35 U.S.G. §119 ifrom an application for PLASMA DISPLAY PANEL AND 

8 MANUFACTURING METHOD THEREOF earlier filed in the Korean Intellectual Property Office 

9 ■ on 14 January 2003 and there duly assigned Serial Nos. 2003-2410 and 2003-241 1 and in the 

10 , Japanese Melldctual Property, Office on 2 August 2002 and there duly assigned Se^ 

11 226620 and 2002-226621. . 

12 . - ■■ ■ '■ ' „ : ■■ . ■• . ■■ 

13 BACKGROUND OF THE INVENTION 

14 1. Field of the invention 

1 5 [0002] The present invention relates to a plasma display panel and a manufacturing method thereof. 

16 More particularly, the present invention relates to a plasma display panel and a manufacturing 

17 method thereof, in which display spots of pixel regions are made small such that image quality is 

18 improved, the structure thereof is made simple, manufacturing processes are minimized, 

19 manufacturing equipment expenses are reduced, and the cost of the finished product is significantly 

20 decreased, The present invention relates also to a plasnia display panel and a manufacturing method, 
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1 in which the plasma display panel is suitable when requiring dual driving in addition to high 

2 precision and high brightness. 

4 2. Description of the Related Art 

5 [0003 J The plasma display panel (PDP) is receiving much attention as a result of its ability to be 

6 made to large sizes and provide high picture quality. The PDP typically includes a pair of transparent 

7 substrates provided opposing one another, a plurality of first electrodes formed in a striped pattern 

8 on an inner surface of one of the two substrates, a plurality of second electrodes formed in a striped 

9 pattern on an inner surface of the other of the two , substrates, barrier ribs formed between the two 

1 0 substrates, and discharge cells defined by concave sections formed by the barrier ribs. The PDP with 

11 such a structure may realize the natural display of gray scale, has good color realization and. 

12 responsiveness, and can be made to large sizes at a relatively low cost. 

13 [0004] There have recently been disclosed plasma display panels, in which the address electrodes 

14 are divided into two sections, and fiilly distinct data signals are input to each divided address 

15 electrode in accordance with high precision, high brightness, and dual driving reqiiiriements. 

16 . [0005] We have discovered that what is needed is an improved method for manufacturing and an 

17 improved PDF design that obtains excellent image quality but is ea§y and inexpensive to produce 

18 ' for both cases where the address electrodes are divided and when the address electrodes are not 

19 divided. 
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1 SUMMARY OF THE INVENTION 

2 [Q006J It therefore an object of the present invention to provide an improved display panel for both 

3 mono drive and dual drive. 

4 [0007] It is also an object of the present invention to provide an improved method of manufacture 

5 for a plasma display panel for both mono, drive and dual drive. 

6 [0008] It is also an object of the present invention to provide a plasma display panel and a method 

7 for manufacturing the same, in which a high image quality of a display surface is realized, a simple 

8 structure is realized, miniinization of production processes is realized, reduction in manufacturing 

9 equipment costs is realized, and overall cost of the plasma display panel are also realized. 

10 [0.009] It is another object of the present invention to provide a plasina display panel and a method 

11 for manufacturing the same that has quick responses when requiring a dual drive in addition to high 

12 precision and high brightness of image. 

13 [0010] In a first embodiment of the present invention pertains to a niono drive PDP and method for 

14 manufacture of the same. This plasma display panel is made up of a first and second transparent 

15 substrdtes opposing one another, a plurality of first electrodes provided in parallel on the first 

16 transparent substrate, a plurality of second electrodes provided in parallel on the second transparent 
' 17 substrate on a surface of the sarne. opposing the first transparent substrate, the second electrodes 

18 being formed perpendicular to the first electrodes; and a plurality of barrier ribs with concave 

19 sections there between, the concave sections aiid the barrier ribs being formed in the second 

20 transparent substrate, the second electrodes formed at the bottom of the concave portions, the 

21 concave portions with the second electrodes defining discharge cells together with the concave 
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1 sections. 

2 [001 II Instead of depositing a silver sheet, patterning arid dieveloping photoresist and then etching 

3 to form the second electrodes, a key feature of the present invention is a much simpler and less 

4 . expensive method of forming the second electrodes. In the present invention, the second electrodes 

5 are formed by keeping still conductive liquid material poured into the concave sections. The 

6 conductive liquid is made up of conductive particles. A supply apparatus may be used to supply the 

7 conductive liquid material to fill the conciaVe sections with the conductive liquid material. When 

8 allowed to settle, the conductive particles are gathered together at the bottoms of the concave 

9 portions. The conductive particles are then joined into the second electrode by a heat treating 

1 0 process. The resultant second electrodes structure is an electrode contacting a bottom of the concave 

11 sections so that the shape of the second electrodes conforms to and niatches that of the concave 

12 sections, where the second electrodes are disposed on a surface opposing the first electrodes. 

13 [0012] in the plasma display panel structured as in the above, differences in a spacing between the 
14. first and second electrodes in plasma generation regions is unifonn, resulting in minimal differences 

15 in plasnia discharge, Hence, display spots in the pixel regions are significantly reduced such that 

16 overall display quality is improved. 

17 [00131 It is preferable that a distance fi-om a predetermined location of the concave sections to a 

18 surface of the. second electrodes is uniform; Therefore, with the second electrode design of the 

1 9 present invention, the spacing between the first and second electrodes is kept substantially uniform 

20 such that the differences in plasma discharge is made extremely small. Again, display spots in the 

21 pixel regions are significantly reduced such that overall display quality is improved. - 

Page 4 of 39 



. , PATENT 
' . . ' . P56905 

[0014] In addition to the structural change in the second electrodes and the niethod for forming the 
second electrodes, another feature of the present invention, a liquid repellent layer is formed on 
upper ends of side walls of the concave sections between the concave portions. Preferably, this 
liquid repelling layer is silicon dioxide. This liquid repelling layer insures that the liquid with the 
conductive particles does not gather on the tops of the ridges between the concave portions when the 
liquid is poured into the concave portions. Because of this structural difference, the method of 
making the Ppp is altered in that the method fiirther includes forming on the first surface of the 
transparent substrate a liquid repellent layer having liquid repellency with respect to the conductive 
liquid material. Thei formation of the liquid repellent layer may be performed before forming the 
concave sections. 

[0015] In a second embodiment of the present invention, a structure similar to the first embodiment 
is formed. However in the second embodiment, at least one protrusion is formed in the each of the 
concave sections to divide the concave sections into a plurality of sections for dual or other plurality 
drive PDP 's. The protrusion serves to electrically separate the second electrodes in adjacent concave 
portions. The height of the protrusion is 20% to 100% the height of the concave sections. 

[0016] A method for manufacturing a plasma display panel according to the second embodiment of 
the present invention with the protrusions in the concave section includes the steps of forming a 
resist filni having at least one narrow section or cutoff section for forming at least one protrusion that 
divides concave sections into a plurality of sectionSj tiie resist film being formed on a first surface 

Page 5 of 39 



PATENT 
P56905 

of a second transparent substrate, forming the concave sections and the protrusions on the first 
surface of the transparent substrate using the resist film, supplying a conductive liquid material 
including conductive particles to the concave sections, and keeping still the conductive liquid 
material to precipitate the conductive particles included therein, and heat treating the conductive 
particles to form second electrodes in each section of the concave sections. It is to be appreciated 
that the method of making the first transparent substrate may be the same as in the first embodiment. 
[0017] Using the resist film, the concave sections and the protrusions, which divide the concave 
sections into a plurality of sections, are formed; A depth of areas etched using thp narrow sections 
as a mask is less than a depth of other areas etched using the mask, thereby resulting in the 
protrusions that are formed to a lesser depth than the concave sections. 

[0018] Next, as described above, the conductive liquid material including conductive particles is 
supplied to the concave sections, then the conductive liquid material is kept still to precipitate the 
conductive particles included therein. As a result, the conductive particles are not accumulated on 
the protrusions or the ribs, and the conductive liquid is only located in the sections concave sections 
divided by the protrusions. Therefore, relatively simple processes are used (cpnipared to the 
photolithography process) to form the second electrodes in each of the regions of the concave 
sections such that overair manufacture is made simple and production costs minimized. The 
manufacturing equipment needed is also simpler than that using photolithography to further reduce 
costs. 
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1 BmEF DESCRIPTION OF THE DRAWINGS 

2 [00 191 A more complete appreciation of the invention, and many of the attendant advantages thereof, 

3 will be readily apparent as the same becomes better understood by reference to the following detailed 

4 description when considered in conjunction with the accompanying drawings in which like reference 

5 symbols indicate the same or similar components, wherein: 

6 [0020] FIG. 1 is a partial exploded perspective view of a plasma display panel according to a first 

7 embodiment of the present invention; 

8 [0021] FIGS. .2A to 2F are partial sectional views showing sequential steps in forming 
> 9 concave sections in a manufacturing method of a plasma display panel according to a first 

10 embodiment of the present invention; 

11 [0022] FIGS. 3 A to 3G are partial sectionar views showing sequential steps in forming address 

12 electrodes in a method of manufacturing a plasma display panel according to a first embodiment of 

13 the present invention; 

14 [0023] FIG. 4 is a schematic view used to describe a sluriy filling process 

15 of a plasma display panel according to a first embodiment of the present invention; 

16 [0024] FIGS. 5A and 5B are partial sectional views showing sequential steps in forming dielectric 

17 layers and phosphor layers in a manufacturing method of a plasma display panel according to a first 

18 embodiment of the present invention; 

1 9 [0025] FIG. 6 is a partial exploded perspective view of a plasma display panel according to a second 

20 embodiment of the present invention; 

21 [0026] FIG. 7 is a sectional view taken along line A- A of FIG. 6; 
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1 [0027] FIG. 8 is a plan view of a rear glass substrate of the plasma display panel of FIG. 6; 

2 [00281 FIGS. 9A to 9F are partial sectional views taken along line B-B of FIG. 6 but showing 

3 sequential steps in forming concave sections, which have protrusions, in a nianufacturing method 

4 of a plasma display panel according to a second embodiment of the present invention; 

5 [0029] FIGS, lOA to IOC are partial sectional views taken along line B-B of FIG. 6 but showing 

6 sequential steps in forming address electrodes in a method of manufacturing a plasma display panel 

7 according to a second embodiment of the present invention^ 

8 [003.0] FIGS. 11 A and 1 IB are partial sectional views taken along line B-B of FIG. 6 but showing 

9 sequential steps in forming dielectric layers and phosphor layers in a nianufacturing method of a 

10 plasma display panel according to a second embodiment of t^^ 

11 [0031] FIG. 12 is a plan view showing a photoresist pattern used in mmiufacturing a plasma display ^ 

12 panel according to a second embodiment of the present invention; 

13 [0032] FIG. 13 is a plan view of a glass substrate obtained using a method for manufacturing a 

14 plasma display panel according to a second embodiment of t^^ 

15 [00331 FIG. 14 is a sectional view taken along line C-C of FIG. 13; 

16 [0034] FIG. 1 5 is a plan view showing a photoresist pattern iised in manufacturing a plasma display 

17 . panel according to a modified example of a second embodiment of the present invention; 

1 8 [0035] FIG. 1 6 is a plan view showing a photoresist pattern used in manufacturing a plasma display 

1 9 panel according to another modified example of a second embodiment of the present invention; 

20 [0036] FIG. 1 7 is a partial exploded perspective view of an AC plasma display panel; 

21 [0037] FIGS. 1 8A to 1 8D are partial sectional views showing sequential steps in manufacturing a 
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1 plasma display panel of FIG. 17; and 

2 [0038] FIG. 19 is a plan view showing an example of an AC-PDP electrode pattern for an AC 

3 plasma display panel, in which address electrodes are divided into two sections. 

■ ■ - ■ . : I ■ ■ 

4 ■ ■ ' " . 

5 DETAILED DESCRIPTION OF THE INVENTION 

6 [0039] Turning to the drawings^ FIG. 17 illustrates an exploded perspective view of an AC PDF. 
7, As illustrated in FIG. 17, the AC PDP 100 includes rear and front glass substrates (transparent 

8 substrates) 101 and 1 02, respectively, opposing one another to define an exterior of the AC PDP 1 00. 

9 Formed on an inner surface of the rear glass substrate 101 opposing the front glass substrate 102 are 

10 a plurality of scanning electrodes (transparent electrodes) 1 04 A and sustain electrodes 1 04B, which 

11 are made of a transparent conductive material such as Indium Tin Oxide (ITO) and Sn02. The 

12 scanning electrodes 104 A and the sustain electrodes 104B are provided in parallel, in a striped 

1 3 pattern, ^d an alternating manner. A transparent dielectric layer 1 03 covers the scanning electrodes 

14 104A and the sustain electrodes 104B, A protection film (not illustrated) made of a material such 

15 as MgO is formed covering the dielectric layer 103. 

16 [0040] Discharge cells 1 07, inside of which gas discharge occurs, are formed on an inner surface of 

17 the front glass subsfrate 101 opposing the rear glass substrate 102. A plurality of barrier ribs 108 

18 having a predetermined height (d) are formed between adjacent discharge cells 107 in a striped 

1 9 pattern along a direction that is orthogonal to the scanning electrodes 1 04A and the sustain electrodes 

20 1 04B. Concave sections 1 07a are formed between the barrier ribs 1 08, and the discharge cells 1 07 

21 are defined by the concave sections 107a and are bounded by the barrier ribs 108. The barrier ribs 
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1 108 are integrally formed to the front glass substrate 101. 

2 [00411 An address elecfrode 106 is formed in each of the concave sections 107a. The address 

3 electrodes 1 06 are therefore formed in a striped pattern and are orthogonal to the scanning electrodes 

4 1 04 A and the sustain electrodes 104B. The address electrodes 1 06 are covered by dielectric layers 

5 105 tiiat have a high reflexibility. Further, phosphor layers 109, each made of red, green, or blue 

6 phosphors are formed over the dielectric layers 1 05, that is, one of the phosphor layers 1 09 is formed 

7 . over each dielectric layer 105. 

s [0042] The rear and front glass substrates 101 and 102 structured in this manner are provided 

? opposing one another as described above. In a state where a compound gas.such as Ne-Xe and He-Xe 

10 that uses Xe resonance radiation is placed in each of the discharge cells 107, peripheries between the 

1 1 rear and front glass substrates 101 and 102 are sealed using a sealant glass or other such means. 

12 [0043] Conductive material such as silver (Ag) paste or a CrrCu-Cr layered film is used for the 

13 address electrodes 106. Alternatively, the addres$ electrodes 106 are formed using Ag sheets instead 

14 pfAgpaste. 

15 [0044] In the plasma display panel structured as in FIG. 1 7, one ends of each the scanning electrodes 

16 1 04A, the sustain (electrodes 1 04B, and the address electrodes 1 06 are extended from a display region 

17 and voltages are selectively applied to terminals connected to these elements. As a result, discharge 

1 8 selectively occurs, within ttie discharge cells 1 07 between the scaiming electrodes 1 04A, the sustain 

19 electrodes 104B, and the address electrodes 1 06. As a result of such discharge, the phosphor layers 

20 109 in the discharge cells 107 emit an excitation light for display to the outside. An illumination 

21 surface is realized by a surface portion of the phosphor layers 1 09 facing the discharge cells 1 07. 
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1 [0045] For a method to form the barrier ribs 1 08 in the rear glass substrate 1 0 1 , a method i? used in 

2 which areas where the discharge cells 1 07 are to be formed are removed by a sandblasting process, ; 

3 or in which the rear glass substrate 1 01 is heated to soften the same, after which a frame having the 

4 inverted pattern of the basrier ribs 1 08 is pressed against the rear glass substrate 1 0 1 to thereby form 

5 the barrier ribs 108. In either case, the address electrodes ! 06, the dielectric layers 105, and the 

6 phosphor layers 109 are formed orily after the conipletion of the barrier ribs 1 08. 

7 [0046] A juethod for mahufacturing the plasma display panel of FIG. 17 will now be described. 
? First, using a thin film formation technique such as a deposition or a sputtering method, a conductive 
9 material such as ITO or SnOj is grown over the entire inner surfape of the front glass substrate 102 . 
1 0_ The conductive material is then patterned by a photolithography process to thereby form the scanning 

1 1 electrodes 1 04A and the sustain electrodes 1 04B in a striped pattern. 

12 [0047] Next, a dielectric material is deposited on the front glass substrate 1 02 covering the scanning 

13 electrodes 104 A and the sustain electrodes 104B, after which sintering is performed at a 

14 predetermined temperature such that the transparent dielectric layer 103 is formed. Further, a 

15 protection film material having as a niain component MgO is deposited on the dielectric layer 1 03 

16 then sintered at a predeterinined teniperature to thereby form the transparent protection film (not 

17 illustrated). 

18 [0048] With respect to the rear glass substrate 101, referring to FIG. 1 8 A, the concave sections 1 07a 

19 are formed to predetermined dimensions by cutting away the inner surface of the front glass substrate. 

20 101 by a sandblasting process. Portions of the rear glass substrate 101 not cut away and on both sides 

21 . . of each of the concave sections 107a form the barrier ribs 108, The barrier ribs 108 and the concave 
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1 sections 107a define the discharge cells 107. 

2 [0049] Next, with reference to FIG. 18B, a silver sheet (electrode sheets) 1 1 1 is pressed onto the 

3 entire irmer surface of the rear glass substrate 1 01 using a pressing roller such that the silver sheet 
.4 1 1 1 is formed corresponding to the shape of the concave sections 107a and the barrier ribs 108. 

5 \ Following this procedure, with refererice to FIG. 18C, the silver sheet 111 is patterned by a 

6 photolithography process and by using a photo mask ,112 of a predetennined pattern, thereby 

7 resulting in the address electrodes 106 of a striped pattern as illustrated in FIG. 1 8D. 

8 [0050] FIG. 1 9 is a plan view showing an example of an AC^ppP dual drive electrode pattern, in 

9 which the address electrodes are separated into two sections for a dual drive PDF. As illustrated in 

10 FIG. 19, address electrodes 106a and 106b that have been divided into two sections at a center 

1 1 portion thereof are formecl in the concave sections 1 07a in a striped pattern and in a state orthogonal 

12 to the scanning electrodes 104A and the sustain electrodes 104B. The address electrodes 106a and 

13 ' 106b are covered with the dielectric layers 105, which have a high reflexibility. . 

14 [0051] Subsequently, using a screen printing process or a roll coating process, a dielectric material 

1 5 having a high reflexibility is deposited on the barrier ribs 1 08 and the concave sections 1 07a, after 

1 6 which sintering is performed at a predetermined temperature. The dielectric layers 1 05 are formed 

17 through this process. Next, red, green, and blue phosphor materials are deposited over the dielectric 

18 layers 105. The phosphor materials^ which come in a paste, are dried and sintered to thereby form 

19 thephosphor layers 109, 

20 [0052] The rear and front glass substrates 101 and 102 structured in this manner are provided 

21 opposing one another, then a compound gas such as Ne-Xe and He-Xe is injected into the discharge 
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1 cells 1 07, after which the rear and front glass substrates 101 and 1 02 are sealed. This completes the 

2 plasma display panel! 00. 

3 . [0053] However, in the plasma display panel of FIGS. 17 and 19, since the address electrodes 106 

4 are formed by patterning a conductive material such as silver sheets, silver paste, and a Cr-Cu-Cr 

5 layered film using a photolithography process, overall costs are increased by the expense of the 

6 conductive material to thereby result in raising unit costs of the plasnia display panels. Further, if 

7 photolithography is used, the equipment required is expensive and manufacturing processes are 

8 slowed. In addition, it is difficult to respond quickly in a plasma display panel that requires a dual 

9 drive in addition to high precision and high brightness. 

10 [00541 The preferred enibodiments of the present invention will now be described in detair with 

11 reference to the accompanying drawings. Turning to FIG. 1 , FIG. 1 is a partial exploded perspective 

12 view of a plasma display panel according to a first embodiment of the present invention. As 

13 illustrated in FIG. 1, a plasma display panel (PDP) 1 includes a rear glass substrate 2 and a front 

14 glass substrate 3 provided opposing one another to define an exterior of the PDP 1. Scanning 

15 : electrodes (first electrodes) 4 A and sustain electrodes 4B made of a transparent conductive material 

16 such as ITQ and Sn02 are formed in parallel and in a striped pattern on an im 

17 glass substrate 3 facing the rear glass substrate 2. A transparent dielectric layer-S is formed on the 

18 front glass substrate 3 covering the scanning electrodes 4 A and the sustain electrodes 4B, and a 

19 transparent protection layer (not illustrated) is formed on the front glass substrate 3 covering the 
20, ^ dielectric layer 5. The scanning electrodes 4 A and the sustain electrodes 4B are provided as 
21 described above in an alternating configuration. 
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[0055] Discharge cells 7, inside of which gas discharge occurs, are formed oh an inner surface of 
the rear glass substrate 2 opposing the front glass substrate 3. That is, a plurality of barrier ribs 8 
having a predetermined height is formed in a striped pattern along a direction that is orthogonal to 
the scanning electrodes 4A and the sustain electrodes 4B, Concave sections 7a are formed between 
the barrier ribs 8, and the discharge cells 7 are defined by the concave sections 7a and the barrier ribs 
8. It is preferable to form the barrier ribs 8 integrally to the rear glass substrate 2 as illustrated in FIG. 
1 for ease of manufacture. However, the barrier ribs 8 may be formed as separate units from the rear 
glass substrate 2. 

[0056] An address electrode (second electrode) 1 1 is formed as strips on a lowermost surface of each 
of the concave sections 7a to thereby substantially peipendicularly intersect the scanning electrodes 
4A and the sustain electrodes 4B. A dielectric layer 1 2 having a high reflexibility is formed covering 
the address electrodes 1 1 . Further, phosphor layers 13,:.each made of red, green, or blue phosphors 
are formed oyer the dielectric layer 1 2, that is, one of the phosphor layers 1 3 is formed over dielectric 
layer 12 within each concave section 7a. 

[0057] The address electrodes 11 are formed by filling the concave sections 7a with a slurry 
(conductive liquid material), which includes at least conductive particles, glass fiit, water, a binder ' 
resin, and a dispersing agent. Next, the slurry is kept still for a predetermined time to precipitate the 
conductive particles, then a heat treating process is performed at a predetermined temperature and 
for a predetermined time such that the precipitated conductive particles join together to form the 
address electrodes 1 L 

[0058] For the conductive particles, silver particles or silver compound particles having an average 
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1 particle diameter of 0.05'-5.0|im, or preferably 0 J~2.0|im, may be used. Further, for the glass frit, 

2 a substance that does not affect the characteristics of electrodes should be used. For example, 

3 borosilicateleadglass, bprosilicatezinc glass, or borosi 

4 ' . diameter of 0 J -^5. O^m, or preferably 0.1 -2.0^m, is used. 

5 [0059] The rear and front glass substrates 2 and 3 structured in this manner are provided opposing 
:6 one another, then in a state where a compound gas such as Ne^rXe and He^Xe, which use Xe 

7 resonance radiation of 1 47nm, is provided in. each of the discharge cells 7, the rear and front glass 

8 substrates 2 and 3 are sealed using a sealant glass^around peripheries of the opposing surfaces. 

9 . [0060] In the PDP 1 structured as in. the above, one ends of each the scanning electrodes 4 A, the 

10 ' sustain electrodes 4B, and the address electrodes 11 are protruded outwardly from the glass 

11 substrates 2 and 3, and voltages are selectively applied to terminals connected to these elements. 

12 Accordingly, discharge occurs in the discharge cells 7 between the scanning electrodes 4 A, and the 

13 sustain electrodes 4B and the address electrodes 1 1 . By such discharge, excitation light is outwardly 

14 emitted (i.e., away from the PDP 1) from the phosphor layers 13. 

1 5 [0061 1 A method for manufacturing the PDP 1 of the first embodiment of the present invention wilp 

16 now be described. Turning to FIGS. 2A to 2F, FIGS. 2A to 2F illustrate partial sectional views 

17 showing sequential steps in forming the concave sections 7a in the method for manufacturing the 
1 g PDP 1 according to the first embodiment of the present invention, and are taken along line X-X' of 

19 FIG. 1 . FIGS. 3 A to 3C are partial sectional views showing sequential steps in forming the address 

20 electrodes 1 1 in the method for manufacturing the PDP 1 according to the first embodiment of the 

21 present invention, and are taken along line X-X- of FIG. 1. 
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1 [0062] First, with reference to FIG. 2A, after a glass substrate (transparent substrate) 2, which is 

2 made of a substance such as soda lime, is cleaned using an organic solvent then dried, a silicon 

3 dioxide film (liquid repellent layer) 22 having repellency (liquid repellency) with respect to the slurry 

4 (conductive liquid material) as described above is formed over an entire surface of the glass substrate 
.5 2. The silicon dioxide film 22 is formed by depositing an alkoxide such as tetraethylorthosilicate 
: 6 (Si(OC2H5)4), then by heat treating the alkoxide at a predetermined temperature. 

7 [0063] Subsequently, with reference to FIG. 2B, a photoresist (resist film) 23 is forjned over an ' 

8 entire surface of the silicon dioxide film 22, A material that is difficult to cut by a sandblasting 

9 process is used for the photoresisit 23, and it is preferable to use a dry film resist that may be easily 

10 formed by a compression process. 

11 [0064] Following the formation of the photoresist 23, with reference to FIG. 2C, a photomask 25 

12 is provided over the photoresist 23 having a pattern corresponding to a shape and location of the 

13 barrier ribs 8. The photoresist 23 is then, exposed through openings of the photomask 25, then 

14 developed such that photoresist sections 23a are formed having a shape of the barrier ribs 8 and 

15 cofresponding to a pattemofthe same as illustrated in FIG. 2D. . 

1 6 [0065] Next, a sandblasting process is used to etch the siUcon dioxide film 22 and the glass substrate 

17 2 at middle sections 26 between the photoresist sections 23a, Accordingly, the discharge cells 7, 

18 which are defined by the concave sections 7a and the barrier ribs 8, are formed as illustrated in FIG. 

19 2E: Since the silicon dioxide film 22 is etched where it is exposed in the middle sections 26, the 

20 silicon dioxide film 22 is left remaining only on upper surfaces of tiie barrier ribs 8 after this process 

21 is formed. The concave sections 7a formed by etching have a depressed surface with a depth (d) of 
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! 100--300^m. 

2 [0066] In the sandblasting process, since the glass substrate 2 is made of a material such as soda lime 

3 glass as described above, a silundum (SiQ powder or alumina (AI2O3) powder, which provide a 

4 v suflRcient cutting force, is preferably used. To better suit the use of silundum powder or alumina 

5 powder, it is preferable that a material that has elasticity even after solidifying be used for the 

6 photoresist sections 23 a, It is also preferable to use the dry film resist on the basis of the degree of 

7 resistance to cutting by sandblasting and adhesivity with respect to the silicon dioxide film 22: 

8 [0067] Subsequently, after the photoresist sections 23a are removed and drying is perfpraied, the 

9 discharge cells 7 that are defined by the concave sections 7a Sarid the barrier ribs 8 are formed. The 

10 glass substrate 2 is therefore formed, in which the silicon dioxide films 22 are formed on the distal 

11 surfaces of the barrier ribs 8. 

12 [0068] Referring now to FIG. 3 A, using a dispenser (supply apparatus) 27, a water-based slurry 

13 (conductive liquid material) 28 is filled into the concave sections 7a of the glass substrate 2. instead 

14 ofthe dispenser 27, an inkjet nozzle, spraynozzle, and other such supply apparatuses may be used. 

15 It is also possible to use a dip process. ^ 

16 [0069] For the filling process as described above, with reference to FIG. 4, it is preferable that the 

17 dispenser 27 (or a similar supply apparatus) is used to fill each ofthe concave sections 7a one at a 

18 time! Since the silicon dioxide films 22 are formed on the distal ends 

19 28 is not left remaining on the distal ends of the barrier ribs 8 even when deposited thereon as a 

20 result of the repellency of the silicon dioxide film 22. 

21 [0070] The slurry 28 is a liquid material that includes at least conductive particles, glass fiit,wa^^^^ 
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1 a binder resin, and a dispersing agent as described above. It is preferable that the conductive particles 

2 are able to combine with the glass frit to be integrally formed with the same following a heat 

3 treatment process at a predetermined temperature. For example, silver particles or silver compound 

4 particles haying an average particle diameter of 0.05~5.0|im, or preferably 0.K2.0^^^ 

5 [0071] Further, for the glass frit, a substance that does not affect the characteristics of electrodes 

6 should be used. Preferably, the glass frit is fused at a temperature of 420-^490^0. borosilicatelead 

7 glass, borosilicatezinc glass, or borosilicatebismuth glass having an average particle diameter of 

8 0.1-5.0|im, or preferably 0.1~2.0|im, may b^ , 

9 ^ [0072] Next, with reference to FIG. 3B, the slurry 28 is kept still for a predetermined time so that 

10 the conductive particles and glass frit in the slurry 28 are precipitated, Accordingly, a conductive 

1 1 mixture powder 29, which includes the conductive particles and the glass frit, settles at a bottom 

12 portion oftthe concave sections 7a. 

13 [00731 After the above, with reference to FIG, 3C, the conductive mixture powder 29 is heat treated 
\\ at a predetermined temperature and for a predetermined duration such that there are formed the 

15 address electrodes 11, which are realiized through conductive material of thoroughly combined 

16 conductive particles and glass frit. It is preferable that the heat treating process be performed at a 

17 temperature of300~600°C at atmosphericpressure and for 5-'60 minutes. 

18 [0074] Next, referring to FIG. 5A, the dielectric layer 1 2 is formed on the glass substrate 2 covering 

19 all elements formed thereon. The dielectric layer 12 may be formed by a growing process such as 

20 a sputtering process or a CVD(Chemical Vapor Deposition) process, or may be formed by using 

21 dielectric sheets. Dielectric sheets allow for a simpler process to thereby result in reduced overall 
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1 manufacturing costs. 

2 [0075) As illustrated in FIG. 5B, a paste phosphor material of red, green, and blue colors is deposited 

3 on inner surfaces of the concave sections 7a and not on the barrier ribs 8, that is, only on areas of the 

4 dielectric layer 1 2 within the discharge cells 7. Next, drying and sintering are performed to form the 

5 .phosphor layers 1 3. The rear glass substrate 2 is therefore formed using the processes as described 

6 above. 

7 [0076] The front glass substrate 3 is formed by layering, in this order, a plurality of the scanning 

8 electrodes 4 A and the sustain electrodes 4B made pf a transparent conductive material such as ITO 
: 9 and SnOj, the transparent dielectric layer 5, and the transparent protection layer (not illustrated). The 

10 scanning electrodes 4A, the sustain electrodes 4B, and the transparent dielectric layer 5 may be 

1 1 forrned using the same processes as used to form the address electrodes 1 1 and the dielectric layer 

12 12, or may be formed by using other processes. 

13 [00771 Subsequently, the glass stibstrates 2 and 3 are provided o^^^ 

14 where a compound gas such as Ne-Xe and He-Xe is provided in each of the discharge cells 7, the 
)5 glass substrates 2 and 3 are sealed using a sealant such as sealant glass around peripheries of the 

16 opposing surfaces. 

17 [0078] In the PDP 1 of the first embodiment of the present invention as described above, the address 

1 8 electrodes 1 1 that are perpendicular to the scanning electrodes 4A and the sustain electrodes 4B are 

19 formed along bottom surfaces of the concave sections 7a of the rear glass substrate 2. Also, the 

20 address electrodes \ 1 are formed by filling the concave sections 7a with the slurry 28, which includes 

21 at least conductive particles, glass frit, water, a binder resin, and a dispersing agent, after which a 
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heat treataient process is perfoimed at a predetermined temperature and for a predetermined duration 
such that the materials of the conductive mixture powder 29 combine, thereby resulting in the 
address electrodes 11. As a result, a spacing between the first and second electrodes in plasma 
generation regions is substantially uniform, resulting in minimal differences in plasma discharge. 
Hence, display spots in the pixel regions are significantly reduced such that overall display quality 
is improved. 

[0079] Further, in the niethod of rnanufacturing a PDP according to the first embodiment of the 
present invention, the dispenser 27 is used to fill concave sections 7a with the water-based slurry 28, 
then this slurry 28 is kept still for a predetermined time so that the conductive mixture powder 29, 
which is realized through conductive particles and glass frit, in the slurry 28 is precipitated. Next, 
' the conductive mixture powder 29 is heat treated to thereby form 'the address electrodes ll. 
Therefore, the method is simplified and the steps involved are reduced to thereby minirnize overall 
manufacturing costs of the PDP 1 . Also, simple manufacturing equipment is used in these processes 
such that overall manufacturing equipment costs are r^^ 

[0080] FIG. 6 is a partial exploded perspective view of a plasnia display panel according to a second 
embodiment of the present inventiori, FIG. 7 is a sectional view taken along line A-A' of FIG* 6, and 
FIG. 8 is a plan view of a rear glass substrate of the plasma display panel of FIG. 6. . 
[0081] Referring to FIG. 6, a plasma display panel (PDP) 3 1 includes a rear glass substrate 32 and 
a front glass substrate 33 provided opposing one another to define m exterior of the PDP 31. 
Scanning electrodes (first electrodes) 34A and sustain electrodes 34B made of a transparent 
conductive material such as ITO and Sn02 are formed in parallel and in a striped pattern on an inner 
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1 surface pfthe front glass substrate 33 facing the rear glass 

2 35 is formed on the front glass substrate 33 covering the scanning electrodes 34A and the sustain 

3 electrodes 34B, and a transparent protection layer (not illustrated) made of a material such as MgO 

4 is formed on the front glass substrate 33 covering the dielectric layer 35. TTie spanning electrode$ 

5 34A and the sustain electrodes 3 4B are provided as described above in an alternating configuration. 

6 [0082] Discharge cells 37, inside of which gas discharge occurs, are formed on an inner surface of 

7 the rear glass substrate 32 opposing the front glass substrate 33. That is, a plurality of barrier ribs 38 

8 . having a predetermined height is formed in a striped pattern along a direction that is orthogonal to 

9 the scanning electrodes 34A and the sustain electrodes 34B. Concave sections 37a are formed 
,10 between the barrier ribs 38, and the discharge cells 37 are defined by the concave sections 37a and 

11 the barrier ribs 38. It is preferable to form the barrier ribs 38 integrally to the rear glass substrate 32 

12 as illustrated in the drawing for ease of manufacture. However, the barrier ribs 38 may be formed 

13 as separate units from the rear glass substrate 32. 

,14 [0083] Referring also to FIGS. 7 and 8, within each of the discharge cells 37, that is, along a bottom 

15 of each of the concave sections 37a at a center of a length of the same, is formed a triangular 

16 protrusion 40 that partitions the concave section 3 7a into two sections. A pair of address electrodes 

17 (second electrodes) 41a and 41b is formed along the bottom of each of the concave sections 37a, 

18 with one of the pair of the address electrodes 41a and 41b corresponding to each divided section of 

19 the particular concave section 37a, Electrode 41a is electrically separate from electrode 41b. the 

20 address electrodes 41a and 41b perpendicularly intersect the scanning electrodes 34 A and the sustain 

21 electrodes 34B. A dielectric layers 42 having a high reflexibility is fomied covering the address 
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1 electrodes 41a and 41b, Further, phosphor layers 43, each made of red, green, or blue phosphors are 

2 formed oyer the dielectric layer 42, that is, one of the phosphor layers 43 is formed over the dielectric 

3 layer 42 in each of the concave sections 3 7a, A height (h) of the protrusions 40 is 20^- 1 00% a height 

4 (d)ofthe barrier ribs 38. 

5 [0084] The address electrodes 41a and 41b are fonned by filling the concave sections 37a \yith a 

6 slurry (conductive liquid material), which includes at least conductive particles, glass frit, water, a 

7 binder resin, and a dispersing agent. Next, the slurry is kept still for a predetermined time' to 

8 precipitate the conductive particles in each of the sections of the concave sections 3 7a, then a heat 

9 , treating process is perfortned at a 

10 the jprecipitated conductive particles join together. 

1 1 [0085] For the conductive particleSj silver particles or silver compound particles having an average 

12 ' particle diameter of O.OS^-S.Oiim, or preferably 0. l'--2.0|iin, may be used. Further, for the glass frit, 

13 a substance that does not affect the characteristics of electrodes should be used. For example, 

14 borosilicatelead glass, borosilicatezinc glass^ or boro^ilicatebismuth glass having an average particle 

15 diameterof 0.1-5 .0|im, or preferably 0,1 '-'2.0|im, is used. 

16 [0086] The rear and front glass substrates 32 and 33 structured in this manner are provided opposing 

17 one smother, then in a state where a compound gas such as Ne-Xe and He-Xe, which use Xe 

1 8 resonance radiation of 1 47njtn, is provided in each of the discharge cells 37, the rear and front glass 

19 substrates 32 and 33 are sealed using a sealant around peripheries of the opposing surfaces: 

20 [0087] In the PDP 1 structured as in the above, the scanning electrodes 34A, the sustain electrodes 

21 34B, and one end of the address electrodes 41a and 41b are protruded outwardly from the glass 
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1 substrates 32 and 33, and voltages are selectively applied to terminals connected to these elements. 

2 Accordingly, discharge occurs in the discharge cells 37 between the scanning electrodes 34A, and 

3 the sustain electrodes 34B and the address electrodes 41a and 41b. By such discharge, excitation 

4 light is outwardly emitted (i.e., away from the POP 3 1 ) from the phosphor layers 43 . 

5 [0088] Amethod for manufacturing the PPP 31 ofthesecondenibodinientof the present invention 

6 ^ will now be described. FIGS. 9 A to 9F, lOA to IOC, and llA and llB are drawings showing 

7 , sequential steps in manufacturing the PPP 3 1 according to the second embodiment of the present 

8 invention, and are taken along line B-B' of FIG. 6. First, with reference to FIG, 9A, after a glass 

9 sxibstrate (transparent substrate) 32, which is madie of a substance such as soda lime, is cleaned using 

10 . an organic solvent then dried, a silicon dioxide film (liquid repellent layer) 52 having repellency 

11 (liquid repellency) with respect to the slurry (conductive liquid material) as described above is 

12 fonned oyer an entire surface of the glass substrate 32. The silicon dioxide film 52 is formed by 
15 depositing an alkoxide such as tetraethylorthosilicate(Si(OC2H5)4), then 

14 at a predetermined temperature. 

15 [0089] Siibsequently, with reference to FIG. 9B, a photoresist 53 (resist film) is formed over an 

16 entire surface of the silicon dioxide film 52. A material that is difficult to cut by a sandblasting 

17 process is used for the photoresist 53, and it is preferable to use a dry film resist that may be easily 

18 formed by a compression process. 

19 [0090] Following the formation of the photoresist 53, with reference to FIG. 9C, a photomask 55 

20 is provided over the photoresist 53 having a pattern corresponding to a shape and location of the 

21 barrier ribs 38. The photoresist 53 is then exposed through openings of the photomask 55. 
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1 Subsequently, with reference to FIGS. 9P and 1 2, the photoresist 53 is developed to form a pattern 

2 58a as illustrated in FIG. 12. Photoresist pattern 58a has middle sections 56 or a first gap in the 

3 photoresist pattern 58a for forming the concave sections 37a, and a second and narrower gap 57 in 

4 the photoresist pattern 58a for forrning the protrusions 40. 

5 [0091] Comparing FIGS. 9D and 12, a photoresist pattern 58a is formed where first gap 56. has a 

6 width Wi 1 and the second and narrower gap 57 has a width W^2' The size of widths Wj i and in 

7 photoresist pattem 58a are determined by a chosen width W,. and depth (d) of the concave sections 

8 37a, a \yidth W2 and height (h) of the protrusions 40, as well ;as the conditions of an etching process 

9 performed by sandblasting. That is, in the etching process, the width W, of the concave sections 37a 

10 • is determined by the width of the middle sections 56 in the developed photoresist pattern 58a, 

11 and the width W2 of the protrusions 40 is determined by the width W,2 of the narrow sections 57 in 

12 . the photoresist pattern 58a. 

13 [0092] Further, if the conditions for etching by sandblasting are established, the width W, and depth 

14 (d) of the concave sections 37a are determined by these conditions and by the width W, , of the first 

15 gap 56 of developed re$ist pattern 58a, and the width W2 and height (h) of the protrusions 40 are 

16 detemiined by these conditions and the width W,2 of the second gap 57 in photoresist pattem 58a. 

17 Accordingly, the width W ^ of the first gap 56 of the photoresist pattem 58a and the width 

18 the second and narrower gap 57 are determined by the width Wj and . depth (d) of the concave 

1 9 sections 3 7a, by the width W2 and height (h) of the protrusions 40, and by the conditions for etching. 

20 Thus, in designing a photomask and a developed photoresist pattem 58a for the fonnatibn of the 

■ ■ n . . ■■ • 

21 concave sections 37a and the protrusions 40, the size of the gaps 56 and 57 in the developed 
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1 photoresist pattern and the sandblasting process used will determine the height (d) and width of 

2 the concave sections 37a and the height (h) and width of the protrusions 40, respectively, 

3 Conversely,. if ^ certain height (d, h) and width (W,, W2) of the concave sections 37a and the 

4 protrusions 40 respectively are desired, one can design a photomask that will develop a photoresist 

5 layer 58a with gap sizes 56 and 57 respectively that will achieve the desired re^^^ 

6 [0093] Next, the middle sections or first gap 56 and second gap 57 in the photoresist pattern 58a, . 

7 are etched by sandblasting. Accordingly, the discharge cells 3 7 defined by the concave sections 37a 

8 and the barrier ribs 38 are foraied as illustrated in FIG. 9E, and, at the same time, the protrusions 40 

9 that divide the cdncaVe sections 37a into two sections are formed. Since the silicon dioxide film 52 

10 . is etched where it is exposed in the middle sections 56 and by the narrow sections 57, the silicon 

11 dioxide filni 52 is left remaining only on upper surfaces of the barrier ribs 38 after this process is 

12 forrned. . ' 

13 [00941 hi the sandblasting process, since the glass substrate 32 is made of a material such as soda 

14 lime glass as described above, a silundum (SiC) powder or alumina (AI2O3) powder, which provide 

15 a sufficient cutting force, is preferably used. To better suit the use of silundum powder or alumina 

16 powder, it is preferable that a material that has elasticity even after soUdifying be used for the 

17 photoresist pattern 58a. It is also preferable to use the dry film resist on the basis of the degree of 

18 resistiance to cutting by sandblasting and adhesivity with respect to the silicon dioxide film 52. 

19 [0095] Subsequently, after the photoresist pattern 58a is removed and drying is performed, the 

20 discharge cells 37 that are defined by the concave sections 37a and the barrier ribs 38 are formed, 

21 and, at the same time, the protrusions 40 that divide the concave sections 37a into two sections are 
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1 formed. As a result, the glass substrate 32 is therefore formed, in which widths corresponding to the 

2 narrow sections 57 are made large. 

3 [0096J Referring now to FIG. lOA, using a dispenser (supply apparatus) 61, a water-based sluny 

4 (conductive liquid material) 62 is filled into the concave sections 37a of the glass substrate 32. 

5 ; Instead of the dispenser 61, an Inkjet nozzle, spray nozzle, and other such supply apparatuses may 

6 be used. It is also possible to use a dip process. 

7 . [0097] For the filling process as described above, it is preferable that the dispenser 6 1 (or a similar 

' • J- ' - ' - , 

8 supply apparatus) is used to fill each of the concave sections 37a one at a time. Since the silicon 

9 . dioxide films 52 are formed on the distal ends pf the barrier ribs 38, the slurry 62 is not left 

10 remaining on the distal ends of the barrier ribs 38 even when deposited thereon as a result of the 

1 1 repellency of the silicon dioxide film 52. 

12 \ [0098] The slurry 62 is a liquid material that includes at least conductive particles, glass fiit, water, 

13 a binder resin, and a dispersing agent as described above, It is preferable that the conductive particles 

14 are able to combine with the glass frit to be integrally formed with the same following a heat 

15 treatment process at a predetermined temperature. For example, silver particles or silver compound 

1 6 particles having an average particle diameter of 0.05-5 .0|im, or preferably 0. 1 ~2 .0|im, may be used. 

17 [0099] Further, for the glass frit, a substance that does hot affect the charapteristics of electrodes 

18 should be used. Preferably, the glass fiit is fiised at a ^temperature of 420'-49p°C. borosilicatelead 

19 glass, borosilicatezinc glass, or borosilicatebismuth glass having an average particle diarneter of 

20 0.1~5.0[im,orpreferably 0.1'v2.0|jtm, maybeused. 

21 . [OlOOJ Next, with reference to FIG. lOB, the slurry 62 is kept still for a predetermined time so that 
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' I the conductive particles and glass frit in the slurry 62 are precipitated. Accordingly, a conductive 

2 mixture powder 63, which includes the conductive particles arid the glass frit, settles at a bottom 

3 portion of the concave sections 37a. With the formation of the protrusions 40 that partition the 

4 concave sections 37a into two sections, the conductive mixture powder 63 precipitated on the 

5 protrusions 40 flows down both sides of the same to settle in the two sections of the concave sections 

6 37a and is not left remaining on the protrusions 40. . - 

7 / IQlOl] After the above, with reference to FIG. tOC, the conductive mixture powder 63 isheattreated 

8 at a predetermined temperature and for a predetermined duration such that there are formed the 

9 address electrodes 41a and 41b, which are realized through conductive material of thoroughly 

10 combined conductive particles and glass frit.- It is preferable that the heat treating process be 

11 performed at a temperature of 300~600°G at atmospheric pressure and for 5'-60 minutes. 

12 [0102] Next, referring to FIG. 1 i A, the dielectric layer 42 is formed on the glass substrate 32 

13 covering all elemeiits formed thereon. The dielectric layer 42 may be formed by a growing process 

14 such as a sputtering process or a CVD process, or may be formed by using dielectric sheets. 

1 5 Dielectric sheets allow for a simpler process to thereby result in reduced overall manufacturing costs. 

16 [0103] As illustrated in FIG. IIB; a paste phosphor material of red, green, and blue colors is 

17 deposited on inner surfaces of the concave sections 37a and the barrier ribs 38, that is, oil areas of 

1 8 the dielectric layer 42 within the discharge cells 3 7. Next, drying and sintering are performed to fonn 

19 the phosphor layers 43. The rear glass substrate 32 is therefore formed using the processes as 

20 described above. 

21 [0104] The front glass substrate 33 is formed by layering, in this order, a plurality of the scanning 
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1 electrodes 34A and the sustain electrodes 34B made of a transparent conductive material such as ITO 

2 and Sn02, the transparent dielectric layer 35, and the transparent protection layer (not illustrated). 

3 The scaiining electrodes 34A, the sustain electrodes 34B, and the transparent dielectric layer 35 may 
4^ be formed using the same processes 'as used to form the address electrodes 41a and 41b and the 

5 dielectric layer 42, or may be fonned by using other processes 

6 [0105] Subsequently, the glass substrates 32 and 33 are provided opposing one another. Next, in a 

7 state where a compound gas such as Ne-Xe and He-Xe is provided in each of the discharge cells 37, 

8 the glass Sfubstrates 32 and 33 are sealed using a sealant such as sealant glass around peripheries of 

9 the opposing surfaces, thereby completing the manufacture of the PDP 31. 

10 ' [0106] Turning now to FIG: 12, FIG. 12 illustrates a developed photoresist pattern 58a that is used 

11 in FIGS. 9D and 9E to form the concave portion 37a of discharge cell 37 and the protrusions 40 

12 according to the second embodiment of the present invention. Middle section or first gap 56 

13 illustrates an absence of photoresist in a gap having a width Wj , that is to later become the concave 

14 ; portion 37a of discharge cell 3 7. Also illustrated in FIG. 12 is a narrow section or second gap 57 

15 which is a gap in the photoresist pattern of width W,2 which is smaller than ^ . Gap 57 is narrower 

16 than gap 56 because protrusion 40 is formed in the vicinity of gap 57. Gap 57 is used to form 

17 protrusions 40 in concave regions 37a. Glass substrate 32 with photoresist pattern 58a on glass 

18 substrate 32 is then sandblasted forming concave sections 37a where middle section or gap 56 in 

1 9 photoresist was, and protrusions 40 are formed where narrow section or gap 57 in photoresist was. 
20. . Protrusions 40 have a height (h) from the bottom of concave section 37a which is not as tall as 
21 concave sections 37a having depth (d). Protrusions 40 are automatically formed not as deep as 
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concave sections 37a during the sandblasting step because the size of the gap 57 in the photoresist 
pattern 58a is smaller than the size of the gap 56 in the photoresist pattern 59. In this invention, (h) 
and (d) satisfy the inequality 0 J (d) ^ (h) < 1 .0 

[0107] Turning now to FIG. 13, FIG. 13 illustrates sandblasted glass substrate 32 (similar to FIG. 
9F but from a top view instead of at a side view) after the sandblasting step and after the photoresist 
removal according to the second embodiment of the present invention. The pattern in glass substrate 
32 of FIG* 13 is formed after a sandblasting process on glass substrate 32 covered with photoresist 
pattern 58a of FIG. 12. The resultant glass substrate 32 has a plurality of concave sections 37a 
formed in parallel with each other. Each concave portion 37a is separated from adjacent concave 
portions by barrier rib 38. Within each concave portion 37a, an electrode will lat^r be formed and 
a phosphor layer will be formed to cornplete the discharge cell 37, Each concave section 37a 
contains within prptrusion 40. Protrusion 40 has a height (h) which is 20 to 100 % the height (d) of 
the concave sections 37a. 

[0108] FIG. 14 iUustrates asectionarview of FIG. 13 taken along line C-C of FIG. 13. As can be 
seen, concave section 37a is interrupted by protrusion 40 protruding from a bottorn of concaye 
section 37a. In FIG. 14, the height (h) of protrusion 40 is less than the depth (d) of concave section 
37a. • ; ■ ■ • ; - . ' . 

[0109] FIG. 1 5 is a plan view illustrating another photoresist (resist film) pattern that can be used 
in tnanufacturing the PDF 31 according to a modifiied example of the second embodiment of the 
present invention. The developed photoresist pattern (resist film) 71 includes the middle sections 
56 for forming the concave sections 37a, and a pair of narrow sections 72 for forming the protrusion 
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1 40 that divid^ the concave sections 37a into two sections and having a width that is less than the 

2 middle sections 56. Narrow sections 72 are islands of photoresist in an area 56 absent of photoresist 

3 In this case also, a width Wj , of the middle sections 56 and a width W13 of the narrow sections 72 

4 are determined by a width W , and depth (d) of the concave sections 3 7a, a width W2 and height (h) 

5 of the protmsions 40, and conditions of an etching pr^^ 

6 . (OllOJ FIG. 16 is apian view illustrating yet another developed photoresist (resist film) pattern 81 
: 7 that can be used in the manufacturing the PDP 31 according to another modified example of the 

8 . second embodiment of the present invention. The photoresist (resist film) 81 includes the middle 

9' sections 56 for forming the concave sections 37a, and a narrow cutoff section 82 for forming the 

10 protrusions that divide the concave sections 37a into two sections and that divides the photoresist 

11 81 itself into two sections. Sections 56 illustrate an absence of photoresist and sections 82 illustrate 

12 a presence ofphotoresist. As in the examples of FIGS. 122uid 15,awidthWp ofthe middle sections 

13 56 and a width W,4 of the cutoff section 82 are determined by a width W, and depth (d) of the 

14 concave sections 37a, a width and height (h) of the protrusions 40, and conditions of an etching 

15 process performed by sandblasting. 

16 [OlllJ With the use of this photoresist 81 , the height of the protrusions 40 from a distal end thereof 

17 to the bottom of the concave sections 37a is made the same the height of the barrier ribs 38 from the 

1 8 distal end thereof to the bottom of the concave sections 3 7a. Accordingly, the concave sections 3 7a 

19 are fixUy divided into the two sections. . 

20 [0112] In the PDP 31 of the second embodiment of the present invention as described above, the 

21 address electrodes 41 a and 41b that are perpendicular to the scanning electrodes 34A and the sustain 
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1 electrodes 34B are formed along bottom surfaces of the concave sections 37a of the rear glass 

2 substrate 3 2 . Also, the address electrodes 4 1 a and 4 1 b are formed by fillirig the concave sections 3 7a 

3 with the slurry 62,.which includes at least conductive particles, glass frit, water, a binder resin, and 

4 a dispersing agent, after which a heat treatment process is performed at a predetermined temperature 

5 and for a predeterniined duration such that the materials of the conductive mixture powder 63 

6 conibine, thereby resulting in the address electrodes 41a and 41b. As a result, differences in plasma 

7 discharge in the regions ofthe address electrodes 41 a 

8 in the pixel regions are significantly reduced such that overall display quality is improved. 

9 [01 13] Further, in the method of manufacturing a PDP according to the second embodiment of the 

10 present invention, there is formed the photoresist 58 having the narrow sections 57 for forming the 
U protrusions 40, which divide the concave sections into two sections. This photoresist 58 is used to 

12 manufactiire the glass substrate 32 that includes the discharge cells 37 defined by the concave 

13 sections 37a and the barrier ribs 38, and includes the protrusions 40 that partition the concave 

14 sections 37a into two sections, The water-based slurry 62 is then filled into the concave sections 37a, 

15 thien this slurry 62 is kept still for a predetermined time such that the conductive particles and the 

1 6 glass frit in the slurry 62 are precipitated, the fonned conductive mixture powder 63 is then heat 

17 treated to thereby complete the formation of the address electrodes 41a and 41b. Therefore, the 

18 address electrodes 41a and 41b formed in the two divided regions of the concave sections 37a are 

19 formed through a simple process such that overall manufacture is performed in less steps to reduce 

20 costs. Further, this manufacturing allows for simple manufacturing equipment to be used to fiirther 

21 reduce overall manufacturing costs. 
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1 [0114] Although preferred embodiments of the present invention have been described in detail 

2 hereinabove, it should be clearly understood that many variations and/or modifications of the basic 

3 inventiye concepts herein taught which may appear to those skilled in the present art will still fall 

4 within the spirit and scope of the present invention, as defined in the appended claims. 

5 [0115] For example, in the second embodiment of the present inventioii, although the concave 

6 sections 37a are divided into two sections by the protrusions 40, it is also possible to form a plurality 
, 7 of the protrusions 40 in each of the concave sections 37a to divide the same into a plurality of 
8 sections. 
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